I. Introduction
In considering the design of experiments for high energy colliding beam facilities one quickly sees the need for better detectors. The full exploitation of machines like ISABELLE1 will call for detector capabilities beyond what can be expected from refinements of the conventional approaches to particle detection in high energy physics experiments. Over the past year or so there has been a general realization that semiconductor device technology offers the possibility of position sensing detectors having resolution elements with dimensions of the order of 10 microns or smaller.
Such a detector could offer enormous advantages in the design of experiments, and the purpose of this paper is to discuss some of the possibilities and some of the problems.
To give a specific context to the discussion, I choose to focus on applications for ISABELLE experiments, where the requirements are particularly severe and there is a clear need for a qualitative improvement in detector capability. Experiments at ISABELLE are planned to begin in about 5 years.
II. Experimental Environment: The Need for Improved Detectors
In Figure 1 is sketched, in a schematic way, the elements of a general purpose detector facility which might be appropriate for many of the experimental programs contemplated for ISABELLE. A cylindrical geometry is shown, with the two beams of 400 GeV/c protons entering from opposite ends, each at a small angle to the cylinder axis, and crossing at the center. This crossing region, owing to the finite beam size and small crossing angle, extends several tens of centimeters along the axis and is the source from which the secondary products of proton-proton collisions emerge into the detector array: about fifty relativistic particles (both charged and neutral) for a typical inelastic collision, and possibly several times that number for the truly interesting events. The reaction products are not isotropic in their angular distribution but, on the average, exhibit a flat spectrum in the rapidity variable, as shown in the figure. Most particles emerge from the collision with very small angles relative to the incident beams. This is the average behavior. The main physics interest lies with rare processes involving direct collisions of fundamental constituents of the incident protons, the signature for which is a large fraction of the incident energy being carried off at angles near 900 (i.e. into the so-called "central" region of small rapidity). Figure 2 shows an example from Monte Carlo simulation2 of one class of such events. Trajectories of charged particles are shown in a uniform magnetic field filling a volume 5 meters in diameter,
The first major point to notice about the detector array sketched in Fig. 1 is that it covers the full 4fr steradians of solid angle around the interaction region. Its job (ideally) is to select with good efficiency the events of interest and to measure each of the secondary particles which results from the collision. Furthermore, the phenomena which we wish to study require not only high energies, but also the Fig. 1 is on the order of 100 MHz. As indicated in Fig. 3 , the rate of charged particles into a square centimeter of detector area is 35 MHz/r2 where r is the distance from the beam (the dependence on r rather than the radial distance R is a consequence of the flat rapidity spectrum).
With these points in mind we return to the conceptual detector array of Fig. 1 Fig. 1 ).
Assuming state-of-the-art performance f or large drift chambers, the detector volume and magnetic field indicated in Fig. 2a Fig. 2b .
III. Why Semiconductor Detectors?
It is not to be implied here that the advent of semiconductor detectors will solve all the problems U.S. Government work not protected by U.S. copyright. 549
of large acceptance spectrometry for colliding beam facilities, but rather that the introduction of a new class of fine grain, high resolution detector can signif icantly influence the design of experiments by improving our options for the inevitable trade-offs.
The interest in semiconductor detectors follows from two features: improved space resolution (by an order of magnitude over the wire chambers) and the potential for extremely high densities of resolution elements. In light of the discussion above we may list some of the ways in which these features can be exploited.
Rate Capability
The density of individual detecting elements would be at least 10/cm2 and could be 106/cm2 or greater, with recovery times < 100 nsec. Improved Triggering Event selection at the trigger level must be extremely efficient in order to take full advantage of the high luminosity. With present day large detector systems of the type under consideration here it is not uncommon to record thousands of words of information per event. At this rate it is not possible to record more than 50 or so events per second (nor is it desirable: the off-line processing may require seconds of cpu time per event in a large computer). Sophisticated triggers involving on-line pattern recognition and momentum selection will be vastly improved with better position accuracy and a higher degree of detector segmentation.
Improved Mass and Momentum Resolution
The existence of machines like ISABELLE is pri' marily motivated by the search for massive, narrow particle states which ultimately will call for detailed spectroscopic measurements at the highest attainable energies. The accuracy of momentum measurement in the central and forward detectors scales linearly with the space resolution and with the magnetic field integral, As the scale of interesting masses and momenta increases with increasing machine energies it is economically unfeasible to keep pace by increasing the field integral in large aperture detectors. Hence the need for a big gain in the space resolution.
Miniaturization of the Central Detector
As pointed out above the overall size of the detector-facility is largely governed by the size of 550 the central detector. If the latter can be significantly reduced by virtue of fine grain, high resolution detection elements then the possibility exists for large economic savings. Fig. 8 From the point of view of radiation damage, the application of most critical concern is for detectors which immediately surround the beam pipes in high luminosity colliding beam facilities. Here the particle fluxes from beam-beam collisions are highest (Fig. 3) , as is the additional radiation from beamgas collisions and beam losses during filling and tuning. Furthermore, the innermost detectors in a compactly nested assembly such as that envisioned in Fig. 1 sub-millimeter resolution, and there are no fundamental barriers to achieving indiVidual resolution elements with dimensions X' 10 microns. Such detectors, fully developed, could offer important new possibilities for the design of high energy colliding beam experiments: e.g. precise momentum measurements over very short track lengths to reduce the size (and cost) of large aperture spectrometers; excellent track pair resolution for improved pattern recognition; very high rate capability by virtue of a very high density of individual detection elements.
Of the several types of devices which seem attractive for development as particle detectors, the most straightforward consists of a surface barrier detector subdivided into closely spaced strips. Detectors of this sort are currently being planned for use in experiments. Experience thus gained should provide a basis for assessing the physical and economic factors which will determine the feasibility of developing a new line of particle detectors which may fully exploit the capabilities of large scale integration technology. 
